In an attempt to identify those infants with resolving chronic lung disease of prematurity (CLD) at greatest risk of sudden infant death syndrome or acute life threatening event (SIDS/ALTE), or readmission to hospital following discharge, recordings of arterial oxygen saturation were made on 35 infants. Recordings were collected while the infants were breathing room air. Movement artefact was excluded and the data analysed to provide the mean individual arterial oxygen saturation (MSao2), and the variability of the mean individual oxygen saturation (8MSao2). These data were related to clinical outcome recorded over the three months following investigation. A MSao2 less than 90% on discharge predicted hospital admission within three months with a sensitivity of 1 and a specificity of 0-76, and SIDS/ALTE with a sensitivity of 1 and a specificity of 075. A 8MSao2 greater than 6% predicted SIDS/ALTE with a sensitivity 0O88 and specificity of 1.
Chronic lung disease of prematurity (CLD) is characterised clinically by chronic respiratory disease, a persistent oxygen requirement to correct hypoxaemia in room air with or without ventilator support, and abnormal chest radiographs at one month of age.' The condition is associated with a high level of morbidity and mortality.2 3 Hospital admission rates for such infants in the first year are high. 4 Infants with CLID may require supplemental oxygen for variable periods of time, ranging from a month after their birth to months or years. Oxygen dependency at 28 days of age or 36 weeks postconceptional age have both been used as reference points to judge severity,5 6 but there is a need for more discriminatory, quantitative measures to identify those infants who are at risk of unexpected episodes of hypoxaemia with or without apnoea. This is particularly true of the infant with resolving lung disease, who is ready for discharge from a neonatal unit. The decision whether to prescribe supplementary oxygen is often based on clinical criteria rather than physiological assessment. Many infants no longer have a clinical requirement for supplementary oxygen, but still have unresolved lung disease. They are prone to hypoxaemia, particularly at times when they are stressed by intercurrent respiratory infection.
In a prospective study we aimed to test the hypothesis that recordings of mean individual arterial oxygen saturation and its variability could be used to assess the risk of morbidity and mortality in infants with significant lung disease of prematurity. The provision of appropriate support services such as home oxygen, home apnoea monitoring, and practical instruction in resuscitation could then be targeted more effectively.
Methods
Infants with CLID were recruited from the regional neonatal unit, the Simpson Memorial Maternity Pavilion, Edinburgh. This unit serves a defined geographical area of the Lothian Region of South East Scotland. Forty eight infants who had been born prematurely were identified as being eligible to enter the study when they had required 28 days of continuous supplementary oxygen from birth. The parents of these infants were provided with both verbal and written information at least one month before being asked to give consent for their infants to take part in the study. Forty of the 48 infants (83%) were recruited. Three infants were initially transferred from outside the Lothian region. The care of these infants was returned to the referring hospitals and they were not included in this prospective study. The parents of five infants did not give consent to the study.
Thirty seven infants were studied before discharge from the neonatal unit. Three infants were not discharged and were studied when clinically stable. Monitoring errors and computer malfunction resulted in insufficient data collection for further analysis in five infants.
The study was approved by the paediatrics/reproductive medicine research ethics subcommittee of the Lothian research ethics committee.
MONITORING OF ARTERIAL OXYGEN SATURATION
All monitoring was done on an inpatient basis.
Real time values of heart rate were taken from the analogue port of a Kontron Minimon 7135 or the serial port of a Hewlett Packard 78834A monitor. Real time values for heart rate and oxygen saturation were taken from the serial output of an Ohmeda Biox 3700 pulse oximeter. Infants were monitored for at least a 6 hour period overnight. The pulse oximeter probe was attached initially on the lateral aspect of the foot, but moved to the lateral aspect of the hand if a poor signal was obtained. The probe was fixed with adhesive spots as supplied by Ohmeda and was then wrapped lightly with a Coban tape bandage. Data was collected, stored in real time, and analysed by the MARY patient monitoring system (Meadowbank Medical Systems).7
Input data were collected and stored at a rate of 1 Hz. The mean value for each minute was used as the analysed data point. Verification of the use of the mean value for each minute was made by separate analysis of two 1 hour periods of collected data on each patient, using the data collected at 1 Hz.
Artefacts resulting from movement or probe disconnection were excluded initially by visual inspection of the trace and then reanalysed more specifically by comparing the heart rate obtained from the heart rate monitor to that from the Ohmeda pulse oximeter. Where there was more than a 5% difference, the Sao2 data were discarded as being influenced by artefact.
Analysis of data collected over at least a 6 hour period after the exclusion of artefact gave for each infant the mean arterial oxygen saturation (MSao2) and the variability of the mean arterial oxygen saturation (8MSao2) (defined as ±+1 SD).
In the six infants requiring continuous oxygen, oxygen was discontinued to obtain steady state values for Sao2 whiie breathing air.
This was done with informed parental consent, when the infant was asleep, or settled after a feed. The infants were monitored by both ECG and pulse oximetry. Oxygen was then restarted if the infant's arterial oxygen saturation was constantly below 90% in air. For these infants values for MSao2 and 8MSao2 were obtained from the time that the infants were breathing air alone. In three infants oxygen saturation fell rapidly below 80% in air. Decisions regarding an infant's suitability for discharge with or without the prescription of home oxygen were made by clinicians not involved in the study. They were based on the overall clinical perception of the infant and visual analysis of the same periods of oxygen saturation data as were analysed. Those infants who were judged not to require supplementary oxygen on clinical grounds were not counselled regarding SIDS/ALTE. CLINICAL OUTCOME The respiratory unit of the Royal Hospital for Sick Children was notified by the parents of infants who were admitted to hospital during the three month study period. Those admitted were screened for respiratory pathogens by bacterial and viral culture of throat swab and nasopharyngeal secretions. Respiratory syncitial virus (RSV) was specifically screened for by rapid direct fluorescence, and then by tissue culture using skin fibroblast cells or monkey kidney cells or both.
An apparent life threatening event was defined as 'an episode that was frightening to the observer and was characterised by some combination of central apnoea, colour change with marked change in muscle tone'.8 The diagnosis of an ALTE was made from the detailed history of the event recorded by an independent clinician.
STATISTICAL ANALYSIS
Data were analysed to give the mean and 95 percent confidence intervals for the cohort, and for the infants not receiving oxygen. The unpaired Student t test was used to test the null hypothesis that hospital admission or SIDS/ALTE was independent of measurements of MSao2 and BMSao2. Probability (p) values less than 0-05 were considered statistically significant.
Receiver operating characteristic (ROC) plots compared the performance of the method of exclusion of artefact.9 They were created by plotting sensitivity against 1-specificity for MSao2 and 8MSao2, for prediction of hospital admission and SIDS/ALTE, collected before and after the exclusion of artefact.
Results
Forty infants were recruited. They were born between 24 and 31 weeks of gestation (median 27 weeks). They weighed a median of 900 g (range 589-1891 g) at birth. All infants required ventilatory support within the first week after birth. This was required for a median of 25 days (range 6-120 days). Thirty three of the infants had required supplemental oxygen at 36 weeks postconceptional age. The range of corrected gestational age at time of study was 39-42 weeks.
The clinical course of the five infants who were eligible for, but not included in, the study as their parents did not give consent, was recorded. Three infants were readmitted to hospital with respiratory tract infection. One was admitted following an ALTE. No evidence of infection was recorded on this infant. One infant was lost to follow up. These data have not been included in the analysis of the cohort studied as no physiological data were available.
At the time of study six infants were receiving supplementary oxygen. Three of these had evidence of right ventricular hypertrophy on ECG and had raised carbon dioxide tensions from capillary blood gases. All other infants had normal ECGs and capillary blood gases at the time of study. For data analysed with and without the exclusion of artefact, the sensitivity and speci-,fants ficity of a MSao2 less than 90% and 8MSao2 f the greater than 6% to predict hospital admission id 15 and SIDS/ALTE is shown in the table. The were exclusion of artefact improved the perfortf the mance of an MSao2 value of less than 90% in rain-predicting hospital readmission by increasing Eight the sensitivity from 0-8 to 1 and specificity ry of from 073 to 0-76. The sensitivity of prediction these of SIDS/ALTE by MSao2 was improved from The 0 57 to 0 75. Similarly the performance a iatric 8MSao2 greater than 6% to predict SIDS/ his-ALTE was increased from a sensitivity from 0 IDS. to 0-88 and from specificity 0-84 to 1. The were exclusion of artefact improved the prediction gnifi-of hospital readmission by MSao2, but its pre-
[was diction by 6MSao2 remained uninformative the (fig 1) . It improved the prediction of SIDS/ALTE by MSao2 and its prediction by ie 29 8MSao2 from a random assessment to the nical most discriminating of the tests (fig 2) . supThere was a significant difference between s 9 5 the group means for MSao2 (fig 3) and time 8MSao2 (fig 4) when data from those infants readmitted to hospital were compared to those not admitted. There was also a significant difference between the group means for those infants who suffered an acute life threatening event or died of sudden infant death syndrome when compared with those who did not. These differences remained significant when data from only those infants who did not receive supplemental oxygen on discharge were compared. There is no clear consensus on the prescription of supplemental oxygen to infants with chronic lung disease. Ours are the only published data that support the practice of many neonatal units in prescribing oxygen for infants who have a mean arterial saturation in air of less than 90%. Historically this practice Sao2. has been based on data and recommendations from adult studies. Administration of low flow oxygen to adults with chronic obstructive pulmonary disease whose Pao2 is less than 7-8 kPa (60 mm Hg) prevents the progression of their pulmonary hypertension and decreases mortality.O1 1 In infants with severe pulmonary disease, pulmonary hypertension is responsive to changes in oxygen tension. 12 Recently it has been shown that infants with chronic lung disease also appear to have a reduced chemoreflex response to hypoxia. This is suggested by two studies: Sekar and Duke'3 reported that infants with bronchopulmonary dysplasia had lower oxygen saturation and a higher incidence of central apnoea at time of discharge than healthy preterm infants. Subsequent administration of oxygen to increase arterial saturation decreased the occurrence of central apnoea and periodic breathing in infants with chronic lung disease. Calder et all4 showed a markedly reduced ventilatory response to alternate breaths of air and an Fio2 of 0-16 in infants with chronic lung disease compared with preterm infants who had not had chronic lung disease, even though the former were no longer oxygen dependent at the time of the study and were well oxygenated in air. They speculated upon a blunted chemoreflex respiratory response to oxygen in infants with bronchopulmonary dysplasia which may predispose them to SIDS/ALTE and possible respiratory failure. Our data support such speculation.
In our study, the decision to discharge a patient from the neonatal unit was made by clinical assessment with additional data available from real time pulse oximetry recordings in air. Despite -this assessment, 31% of the infants who were discharged from the unit without supplemental oxygen had a mean arterial saturation below 90% when the data were analysed. This finding reconfirms other published data that clinical examination is not a sensitive discriminator of hypoxaemia. 15 It is often -difficult to apply the pulse oximeter probe to small feet and hands. This may lead to malfunction; in most cases the malfunction causes an alarm condition, but often the device will indicate a falsely low Sao2. This is caused by what has been termed the penumbra effect'6 and is due to the red and infrared light emitting diodes not being exactly mechanically incident to each other. This may cause erroneous arterial oxygen saturation recordings, which are still within the normal range. By recording two independent channels for heart rate in each infant we were able to identify periods where there was more than a 5% difference between the heart rate obtained from the heart rate monitor and that from the Ohmeda pulse oximeter. These periods could then be excluded by further analysis. Many pulse oximeters allow for time periods of up to two hours to be collected and displayed. These trend data are not supported by information from other channel recordings such as heart rate. They may therefore not be accurate. Our findings show that up to 81% of data from recordings of six hours or more may be influenced by artefact. Pulse oximeters differ in their bias, accuracy, and sensitivity. We used an Ohmeda Biox 3700 pulse oximeter which may give generally lower values for oxygen saturation than the Nellcor N-100 pulse oximeter.17 The interpretation of data from one product may not be directly transferable to another. To lessen the possibility of non-representative periods ofpulse oximetry being analysed, several hours of data should be recorded at a time and artefact excluded to give both the mean and variability. 'Spot' oximetry is often recorded in the outpatients department. Further analysis is not necessary in infants whose arterial saturation values are above 92% or below 90/o, when the decision to prescribe oxygen does not pose a clinical dilemma. However, in the infant whose spot recordings of arterial saturation gives values between 90% and 92%, more detailed analysis is necessary before the clinical decision to continue oxygen is made.
Individual infants whose MSao2 is accurately assessed to be below 90% can be protected from increased morbidity and even mortality by the prescription of supplemental oxygen to increase the MSao2. The parents of infants with MSao2 values above 90% but below the normal range should be warned to be vigilant during respiratory infections. The provision of apnoea monitors, an emergency home oxygen supply, and the training of parents in basic infant resuscitation may also be better targeted. 
